Swelling of secretory vesicles is critical for the regulated expulsion of intravesicular contents from cells during secretion. At the secretory vesicle membrane of the exocrine pancreas and neurons, GTP-binding G proteins, vH + -ATPase, potassium channels and AQP water channels, are among the players implicated in vesicle volume regulation. Here we report in insulin secreting MIN6 cells, the requirement of vH + -ATPase-mediated intracellular acidification on glucosestimulated insulin release. MIN6 cells exposed to the vH + -ATPase inhibitor Bafilomycin A show decreased acidification of the cytosolic compartment that include insulin-carrying granules. Additionally, a loss of insulin granule association with the cell plasma membrane is demonstrated following Bafilomycin A treatment and results in a decrease in glucose-stimulated insulin secretion and accumulation of intracellular insulin. These results suggest that vH + -ATPase-mediated intracellular acidification is required both at the level of secretory vesicles and the cell plasma membrane for cell secretion.
INTRODUCTION
Osmotic swelling of intracellular vesicles was first reported in sea urchin eggs 1, 2 .
Studies in mast cells show that osmotic swelling of secretory vesicles is important for their fusion with the cell plasma membrane and in fusion pore dilation 3 . Thereafter, the requirement of vesicle swelling in exocytosis in different tissues including neurons 4, 5 have been demonstrated. The extent of vesicle swelling following a secretory stimulus has been found to be directly proportional to the amount intra-vesicular contents released from the cell 5 . The molecular mechanisms underlying the swelling process has also been greatly explored and elucidated. Aquaporins (AQP), the rapidly gating water channels are present at the secretory vesicle membrane [6] [7] [8] and participate in vesicle volume regulation.
At least 13 different aquaporin isoforms have been identified. Among them, AQP1 has been demonstrated to be present at the membrane of zymogen granules, the secretory vesicles in the exocrine pancreas carrying digestive enzymes. Similarly, AQP6 has been found to be present at the synaptic vesicle membrane in neurons. Studies further report aquaporins to be under the regulation of GTP-binding G proteins, such as Gαi3 in zymogen granules [4] [5] [6] and Gαo in the neuronal synaptic vesicles 9 . Studies suggest that the electrochemical gradient generated by the influx of protons and potassium, are among the major driving force for AQP-mediated water entry into secretory vesicles [4] [5] [6] 9 . The proton pump, vacuolar vH+-ATPase present at the synaptic vesicle membrane operates upstream of Gαo -induced aquaporin mediated synaptic vesicle swelling 9 .
In insulin-containing granules of the endocrine pancreas, Gαi is localized to the granule membrane and stimulates insulin secretion 10 . Furthermore, acidic pH of insulin-containing intragranular lumen has been demonstrated to be important for the conversion of insulin from its prohormone to its mature form in the granule [11] [12] [13] . Based on these earlier reports, we hypothesized that insulin secreting beta cells may require intragranular acidification similar to zymogen granules of the exocrine pancreas and neurons, enabling vesicle swelling and insulin secretion. In the current study, to test this hypothesis, we used MIN6 mouse insulinoma cells and subjected them to Bafilomycin A, a pharmacological inhibitor of vH + -ATPase to inhibit cellular and insulin secreting granule acidification. We found significant loss in potency and efficacy of glucosestimulated insulin release in Bafilomycin A-treated MIN6 cells compared to unexposed controls. Additionally, the accumulation of insulin within Bafilomycin A treated MIN6 cells was demonstrated.
EXPERIMENTAL PROCEDURES

Estimation of glucose-stimulated insulin secretion from cultured MIN6 cells
MIN6 cells were grown to confluency using sterile 100 x 13-mm plastic Petri dishes according to published procedure 14 . Cells were cultured in 25 mM glucose Dulbecco's Modified Eagle Medium (Invitrogen, Carlsbad, CA) containing 10% fetal calf serum, penicillin, streptomycin, and 50µM β-mercaptoethanol. Cells were stimulated using 35 mM glucose and insulin secreted into the medium was collected at 0 min, 10 min and 30 min post stimulation, for determination of insulin using Western blot analysis. Stimulation assays were performed on MIN6 cells pre-exposed for 10min to 0, 10 and 50 nM Bafilomycin A. All secretion assays were performed at room temperature (RT) on cells prewashed in phosphate buffered saline (PBS) pH 7.4 followed by incubation in PBS. Following glucose stimulation, 200 μL aliquots of the incubation medium were collected at 0 min, 10 min and 30 min post stimulation. Aliquots were centrifuged at 4,000 xg to separate any aspirated cells. 160 μL of the cleared supernatant was mixed with 40 μL of 5x Laemmli reducing sample preparation buffer 15 for Western blot analysis. To obtain the total amount of insulin in cells, Min6 cells were thoroughly scraped from the culture plates and subjected to solubilization in 100 μL of homogenization butter (2mM EDTA, 2mM ATP, 0.02% Triton X-100, 1:500 protease inhibitor cocktail, pH 7.4), following secretion assays. Protein in the solubilized cell fractions were determined using the Bradford protein assay 16 prior to Western blot analysis.
Detection of intracellular pH change
Changes in intracellular pH was determined using acridine orange (AO). AO is a membrane penetrating dye which is a weak base that accumulates within acidic cellular compartments. AO binds to double stranded DNA emitting green fluorescence and to single stranded DNA or RNA emitting red fluorescence.
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